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ABSTRACT
This study deals with the regulation of pituitary-interrenal axis 
activity in the freshwater teleost Oreochronis mossatnblcus (tilania) 
exposed to low environmental pH for 2 of 5 days. nie~"5timulaCion of the 
cortisol producing interrenal cells which occurs under these stressful 
conditions was not reflected in increased plasma cortisol levels. However, 
increased sensitivity of the interrenal cells of 5 days acid treated 
tilapia to 2 pituitary secretagoguea could be demonstrated in vitro. First 
to ACTH and secondly to a product with alpha-MSH iimunoreactivity, which 
has been detected in tilapia plasma, and was purified from pars intermedia 
tissue. An electron microscopical survey demonstrated the concurrent 
activation of both the ACTH and MSH cells of fish acclimating to the low pH 
stress. Future'studies will have to determine the relative contribution of 
ACTH and alpha-MSH to the interrenal hyperactivity under these conditions.
INTRODUCTION
Water acidification greatly affects freshwater fish fauna. Studies on the ef­
fects of environmental acidification go back some seventy years (Wells 1915). 
Sines then, the progressively devastating effects of acid pollution on- fresh­
water fish populations (recently reviewed by Howells at al -1933- and Muniz 
-1984-) only urged the need for more fundamental research, Host of the origi­
nal observations on low pH effects were obtained from field studies but the 
current understanding of the complexity of the low pH syndrome necessitates 
further laboratory experiments during which factors liKe water pCOa (Neville 
1979), ambient calcium (Graham and Wood 1981, McDonald 1983 a, McDonald et al 
1963, McWilliams 1882), and aluminium concentrations (Muniz and Leivestad 
1980, Driscoll 198S) can be controlled.
Much of the research regarding the effects of low pH on teleosts has 
bBen focussed on the regulation of electrolyte status and acid-base balance 
of the animals (reviews by Fromm 1980, McDonald 1983 b, and Hsislsr 1984).
There are only very few reports indicating adaptive behaviour of teleosts 
in response to low pH conditions (Ashcom 1979, McWilliams 1980, McDonald 1983 
a, McDonald et al 1983, Wendelaar Bonga et al 1984). The study of McWilliams
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on brown trout was the first to show restoration of initially depressed plas­
ma. Na* concentrations under low pH conditions (pH 6.0). Wendelaar Bonga et al 
•(1984) reported the same phenomenon after abrupt transfer of Oreochromis mas- 
sambicus (tilapia)-to pH 4.0, thereby illustrating the existence of adaptive 
regulation to low pH in this species. Very little information on the nature 
of thB regulation exists., but endocrine factors are liKsly involved.
The present study deals with the regulation of pituitary-adrenal t-inter- 
rsnal) axis activity in tilapia exposed to sublathal levels of acidification. 
Cortisol, the major corticosteroid in these fish (Balm 1986), has been demon­
strated to possess both potent mineralocorticoid and glucocorticoid activi­
ties. In addition, prolonged activation of the pituitary-interrenal axis in 
fish has been interpreted as a mechanism involved in adaptation of the orga­
nisms to stressful conditions (Donaldson 1981). Although traditionally ACTH 
is considered the pituitary factor regulating interrenal function in fish., re ­
cent studies on the adrenal cortex of higher vertebrates have suggested a role 
for a-MSH in this respect (Hinson et al 1985). Therefore in the present study, 
which compares interrenal cell function in control and low pH treated tilapia. 
special attention was paid to ACTH and a-NSH effects.
MATERIALS ANO METHODS
• Experiments were performed with sexually mature female tilapia from our 
laboratory stacR. Water was acidified gradually by adding sulfuric acid by 
means of a flow through system. Tha reduction in water pH usually took 24 ft. 
Pituitary tissues were fixed for electron microscopy as described by Wendelaar 
Bonga and van der Meij (1981). Headkidneys werB incubated in vitro applying e 
microsuperfusion technique. For further details on experimental procedures see 
Balm (1986). Data are presented as means ± SEU, Differences between control 
and experimental groups were analyzed by means of the Student’s t-test for un­
paired observations.
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RESULTS
Slood parameters
exposure of tilapia to pH 3.5 for 48 h led to negligible reductions in 
plasma osmolality and plasma Na+ concentrations (table 1), whereas significant 
increases in haeroatocrit values and plasma concentrations ware observed.
controls 2 days pH 3.5
(n= 6) (n= 6)
haematocrit * 33.1 1.5 38.9 +1.1 p S 0.01
plasma osmolality mostn 330 5 325 ♦8 n.s.
+
K, conc. mPI 5,5 * 0.4 7.7 £ 0.3 p £ 0,05
+•
Na conc. nf) 137 » 4 131 * 2 n.s.
cortisol 6.4 ♦ 1.2 S.7 1.0 n.s.
glucose mg% 46 +5 319 j 34 p S 0.001
Table 1 Blood parameters of control and low pH treated tilapia.
Figure 1 TanKwater NH^ con­
centrations upon aci­
dification of the tanK (t=0 h>.
At t=24 h the water pH was 3.3 » 
0.1 and remained at that levai 
for the remaining 24 h. Values 
are means of 4 separate experi­
ments. The insert shows the rate 
of NB.+ production between t-24 h 
and t=>4S h against the total body 
weight of the animals in the tank
tankwater (NH,'j -jjM -
160
100
5 0 -
i camwa 
j / ................ ...  . •
-24 2 4  4 8
hou« at low pH
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Plasma cortisol levels remained unchanged, but the low pH treated fish ware 
strongly hypBrglycaemic. The reduction in water pH resulted in an almost im­
mediate stimulation of whole body NHg * NH4 * efflux (measured as NH^ efflux* 
figure 1).
In vitro cortisol production
A five days low pH regime resulted in an increased sensitivity of the 
cortisol producing interrenal cells to ACTH stimulation (table 2), Basal in 
vitro cortisol release rates were not significantly different, but the tis­
sue from acid treated tilapia was stimulated significantly more by 0.6 mil 
ACTH than control tissue.
controls 5 days pH 3.5
cortisol release rate
Ipg/ min. mg headKidney)
basal 2.7 i 0.3 4,4 i 0,8 n.s.
stimulated by ACTH 20.B i 0,1 48.0 * 4 . 0  p S Q.001
i increase due to ACTH 68S ± 84 1033 ±132 p S 0.0S
headkidney cortisol content
(pg/ mg headkidney) 10.4 ± 0.7 15.1 ± 0.5 p  S 0.001
Table 2 Stimulation of in vitro cortisol release by ACTH. Interrenal tissue of tilapia 
was superfussd in vitro until basal release rates were reached (4 h In vitro). 
ACTH (0.6 mil) was administered as a five minute pulse. The values for ACTH stimulated c o r ­
tisol release were measured 20 minutes thereafter, and represent maximum release rates 
reached. The presented data are from 4 individual superfusions per experimental group.
Each supBrfusion contained headkidney tissue from 2 fish. Tissue cortisol contents were 
quantified at the end of the suparfusions.
A  comparable affect was observed when interrenal cells from control 
and low pH treated (5 days, pH 3.5) tilapia WBre challenged with 5 nil of a 
product with ct-MSH immunoreactivtty (’peak IV’), purified from tilapia pi­
tuitarias. In contrast, the low pH treatment appeared to result in a decrea-
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controls .S days pH 3.5
peak IX (50 nfl) 535 t 72 207 t 53 61? Cn-3» p S . 0.02) '■
peak IV (S nM) 111 ± 36 260 ± 22 + 1345 Cn=3, p S 0.02)
Table 3 Stimulation of cortisol release by a-MSH peptides during in vitro super­
fusion. After 4 houra in vitro superfuslon interranal calls of controls, 
and low pH exposed tilapis were challenged for 30 minutes with 2 products display 
ing a-MSH inmunoreactivity. Thsse products tested were purified from tilapia pitui­
tary pars intermedia tissue by HPLC procedures Case VJendalaar Bonga and Balm 1987 
for details). Results are presented as area under the curve in arbitrary unita.
sect sensitivity of the interrenal cells to 50 nt1 of a second form of a-MSH 
(•peak II').
Activation pituitary ACTH and USH ceils upon water acidification
Figure 2 compares electron micrographs from the pituitary ACTH regions 
from control tilapia and low pH treated fish. ACTH cells of tilapia from the 
latter experimental group appeared more active than controls, as illustrated 
by the presence of large Golgi complexes and increased amounts of rough endo- 
plasmatlc reticulum (RER) in the cells of the acid exposed fish.
Figure 2 Elec­
tron 
micrographs of 
pituitary ACTH
cells of control 
and low pH (five 
days pH 3.5) ■
treated tilapia. 
7000 x.
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The electron micrographs of figure 3 show a comparable effect of water aci­
dification on the pars Intermedia MSH cells. The most striking features o-f 
the fiSH cells of the low pH treated tilapia, when compared to MSH cells of 
controls, were the dsgranulation of the cells and the higher amounts of RER 
in these cell3i both signs of increased cellular activity.
Figure 3 Elec­
tron 
micrographs of 
patuitary pars 
intermedia MSH 
cells. Low pH:
5 days pH 3.5. 
7000 x.
DISCUSSION
Fish experiencing environmental acidification, whether under field or 
laboratory conditions, can be considered stressed. The intensity and typss 
of stress involved probably are important factors determining first of all 
the degree of acclimation to the osmoregulatory disturbances associated with 
water acidification and, ultimately, survival. To witness this, our (unpu­
blished) experiments demonstrated that the net loss of body ions from the 
fish during experimental acidification was enhanced when the fish were 
stressed mildly for just 1.0 minutes. The data presented in this paper indi­
cate that tilapia, when adapted gradually to pH 3.5, were able to prevent 
the drop in plasma osmolytes, which was maximal Z days after acute acidifi­
cation (Wendelaar Bonga et al 1964). The fact that we could not measure a 
decline in plasma Na* concentration does not necessarily imply that these 
animals did not lose sodium to the water. It serves as an indication that
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fish are better able to compensate for the osmoregulatory problems which come 
with water acidification if they experience as little (additional) stress as 
possible.
Oespite the unchanged plasma cortisol levels after 48 h pH 3.S, we were 
able to demonstrate that the interrenal calls of low pH treated tilapia were 
still highly activated S days after the onset of the acidification (Balm efc al 
1986). Since experimental stress was minimized, wb conclude that cortisol is 
involved in tha compensatory regulation of the fish to osmoregulatory imbalan­
ces which occur during acidification. Apparent signa of the activation of'the' 
interrenal cells were the observed hyperglycaemia and the concomitant increase 
in NH4* efflux. Whether these glucocorticoid actions of cortisol or its mine- 
ralocorticoid properties (Johnson 1973, Balm 1986) dominate under these condi­
tions remains to be established.
The increased ACTH sensitivity of the interrenal cells which occurred af­
ter several days at low pH probably is an important factor maintaining inter­
renal cell activity in these fish. These cells in vivo rely on constant stimu­
latory control, as demonstrated by the absence of appreciable cortisol storage 
by the cells. On top of the increased ACTH sensitivity of the interrenal cells 
the pituitary ACTH cells of low pH tilapia also appeared stimulated, which in­
dicates the activation of the pituitary-intsrrenal axis under these conditions. 
Generally ACTH is considered the predominant pituitary factor regulating te- 
leost interrenal function (Donaldson 1981). The results presented in this chap­
ter indicate that factors from a second pituitary cell type, which also derives 
its products from proopiomelanocortin, might also be involved in the regulation 
of cortisol production under low pH conditions. These MSH cells were also more 
active in appearance in low pH tilapia than in control fish and, analogous to 
the aforementioned ACTH effect, the response of the interrenal cells to their 
product ('peak IV) was enhanced in low pH treated fish. We assume that this 
latter effect is more relevant than tha observed diminished reaction of the in- 
terrenal cells to the second form of a-MSH ('peak IX'), since we subsequently 
could not detect significant amounts of peak II in tilapia plasma, in contrast 
to peak IV (data not shown). Presumably the forms of the hormone merely differ 
in their degree of acBtylation.
Having shown the simulataneous activation of two pituitary cell types'in 
tilapia acclimating to low pH conditions, one matter unsolved is the relative 
contribution of ACTH and 'a-MSH* to the observed stimulation of cortisol pro­
duction associated with water acidification. It Is generally accepted that ■ 
POMC derived peptides from ACTH cells exert several actions on the adrenal cor­
tex of higher vertebrates, including trophic effects (Lowry 1984). An interes­
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ting aspect of the depicted situation in tilapia under low pH conditions ils.s 
in ttiB fact that a-MSH is also derived from POMC, which lends further support 
to the concept of this pro-hormone being a “multiple adrenal hormone precur­
sor“ (Lowry 190*1). Although this concept was originally based only on studies 
on higher vertebrates, it now appears that fish acclimating to low pH condi­
tions may serve a useful model to verify the idea for the lower vertebrates.
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